A convenient method has been devised for analyzing ultracentrifuge film records of human serum lipoproteins. It is based on a template that can be constructed by the investigator according to the operational factors peculiar to his ultracentrifuge system. The film patterns are projected and traced on the template, the boundary limits of each lipoprotein class are located by reference to the template grid, and the concentrations are determined by polar planimetry. Simple procedures are incorporated that correct without loss of accuracy for the effect of concentration on sedimentation rate and for the Ogston-Johnston effect. In a test of 56 samples of human serum, the results obtained with this procedure did not differ significantly (p = 0.2) from those obtained with the conventional complex calculations.
'JHE ANALYTICAL ULTRACENTRIFUGE method devised by Gofman et at.
(1) for the study of human serum lipoproteins is an accurate and reliable procedure. It has been shown, however, that the validity of the data is dependent upon corrections for the effect of concentration on sedimentation rate and for the Ogston-Johnston effect (2) . TTnfortunately the complexity of the calculations involved in these corrections has discouraged their use. This paper presents a convenient method for treating the raw data, which incorporates simple procedures for making both corrections.
Except for the film analysis, which is the more complex part of the procedure and which is discussed in detail, the technics are those described earlier (3, 4 There is no sacrifice of accuracy, since the modified procedure takes into account not only the effect of lipoprotein concentration in an ultracentrifugal field and the Ogston-Johnston effect, but also the effects attributable to radial concentration and inhomogeneous force field due to the sector-shaped cell. The operating temperature is taken as 26.0 ± 0.05#{176}, the temperature at which the S rates have been defined, thus obviating the need to include temperature considerations.
Quantitative Analysis
A complete quantitative analysis including the calculation of the Atherogenic Index (A. T.) (5) involves the following 5 main steps, all of which are described in detail in the procedure or the appendixes.
Projection of pattern image onto template
The patterns on the ultracentrifuge film are projected through a photographic enlarger and traced on a template. (2) or to
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where
, where t0 is the "equivalent up-to-speed time"
(the time in seconds, divided by 3) to accelerate from zero speed to constant designated speed,t and t' is the time in seconds from the *Spinco Division, Beckman Instruments, Inc., Palo Alto, Calif.
tThe effect of t0 is to add to the migration at constant speed the migration attained while ri"iehing constant speed.
instant that constant speed is attained to the time of film exposure. in these calculations, the time t' is that determined by experience to place the boundary for a given lipoprotein at an appropriate position on the film at the time of exposure.
With our ultraceiitrifuge system, t0 is 126 sec.
Thus for the 5, 100-400 boundary at infinite dilution (for which t' is 0 arid t is 126 sec.) the solution of K, = (o2t)/2.3 is
The solutions for the other 3 lipoprotein classes are obtained similarly (Table 1) .
We can now solve for X, in Equation 3 for all 4 lipoprotein classes; and, knowing X0 to be 7.25 cm., we obtain by subtraction X (the distance from cell base to boundary at infinite dilution) at the time of film exposure, for each class (Table 1) . Tile distance at ''half-slowing point'' is that at f = 0.5, where f, the flotation slowing factor, is equal to Se/Sf, the ratio of the migration rate at the given concentrations and the migration rate at infinite dilution:
i.e., where f = 0.5, the migration rate (and therefore the distance traveled) is half that at infinite dilution. Data from unpublished studies of migration rates of isolated S, 6-8 lipoprotein at a range of concentrations were used to construct a plot of f vs. concentration ( Fig. 2) . From this plot the concentration at f,. = 0.5 was determined to be 3200 mg./100 ml. This value was taken to i)e the concentration at f = 0.5 for all 4 lipoprotein classes; the associated distances were taken to be half the distances at infinite dilution. From these 2 points-distance from cell base to boundary at infinite dilution'and distance at 3200 mg./100 ml.-the slopes of distance vs. concentration were drawn for the 4 lipoprotein classes (Fig. 3) . In torms of distance within the cell, X,9 is 7.25 -6.33 = 0.92 cm. from the base of the cell: i.e., a distance of 0.25 cm. from the cell base at 0 time corresponds to 0.92 cm. from the cell base at 6 mm. Similarly, by assigning a value of 0.21 cm. to X,2 (shown by experience to be a convermient point), the common point in the 30-mm. frame, X,3, was calculated to be 0.8 cm. from the cell base. In other words, a distance 0.21 cm. from the cell base at 6 miii. corresponds to 0.8 cm. from the cell base at 30 mm.
The template lines were then drawn from these data and those of Table 1 and Fig. 3 . In the template (Fig. 1 ) the lilies AA', BB', and CC' represent the cell base at 0, 6, and 30 miii. respectively. Since the template scale was designed to be exactly 10 times as large as that of the cell, the line representing the Sf0 0-12 boundary at infinite dilution was drawn 4.93 cm. to the left of CC' (cell base at the 30-mm. exposure); that for the S,#{176} 12-20 class 8.01 cm. to the left of CC', ill accordance with the values of X for these classes ( Table 1 ). The lines representing boundaries at higher concentrations were scaled according to Fig. 3 .
Since a point 8.0 cm. left of CC' corresponds to one 2.1 cm. left of BB', line EE' "common point" for the 6-and 30-mm. frames) was drawn 8.0 cm. to the left of CC'; BB' (cell base for the 6-mm. frame) was drawn 2.1 cm. to the right of EE'. The 0 line for the 5o 100-400 class was located 9.95 cm. to the left of BB' in accordance with Table 1 ; the concentration lines were scaled according to Fig. 3 . Line I)D' ("common point" for the 0-time and 6-mm. frames) was drawn 9.2 cm. left of BB', and AA' (cell base for 0-time frame) was drawn 2.5 cm. right of 1)1)'. Again the concentration imes were scaled according to Fig. 3 . The lines representing boundaries at lower concentrations for the S,0 100-400 and S,0 20-100 classes are not useful in practice; there is no need to provide room for them on the template.
Analytical Procedure Projection of Pattern Image onto Template
Enlarging the film exactly 5 times has been found convenient, and this factor was incorporated into the design of the template. The total enlargement on the template (i.e., the enlargement of the curve representing the refractive index gradient in the cell) includes the magnification due to the optical system (within the instrument) that produces the image on the film, plus that of the photographic enlarger. Since with our instrument the optical system produces a horizontal magnification of 2.0 X, a photographic enlargement of 5 results in a total horizontal magnification on the template of exactly 10.0; 1 cm. perpendicular to the base line inside the cell corresponds to 10 cm. in the same direction on the template. Figure  2 , which represents the migration rate of lipoprotein at different concentrations relative to the migration rate at infinite dilution, shows that at a concentration of 3200 mg./100 ml., the ratio between the 2 rates is 0.5. But the different lipoprotein classes migrate at different rates; Fig. 3 indicates, for example, that the boundary of S,#{176} 20 lipoprotein at 3200 mg./100 ml. will coincide with that of S,0 12 lipoprotein at about 1300 mg./100 ml. Thus if a serum sample contains both 5f0 0-12 and S,0 12-400 lipoproteins and the effect of concentration is ignored, the boundary of the more slowly moving component, S,#{176} 0-12, would include some Sf0 12-400; the quantity calculated would be erroneously high, while that for S,#{176} 12-400 would be erroneously low. For the calculation of the A. I., only 2 boundary limits need be determined:
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the Sf 12 and the S,#{176} 400, and these depend on the concentration.
The planimetry procedure, which takes into account the concentration effect, is described in full in Appendix I.
The Ogston-Johnston Correction
The appropriate factor, based on the concentrations established for the S, 0-12 and Sf 12-400 fractions, is obtained from Table 2 . It is necessary only to multiply it by the uncorrected value for S, 0--12 con- <300 <300 <300 <300 300-1500 300-1500 300-1500 300-1500 1500-3000 1500-3000 1500-3000 1500-3000 >3000 and and and and and and and and and and and and or <300 300-1500 1500-3000 >3000 <300 300-1500 1500-3000 >3000 <300 300-1500 1500-3000 >3000 >3000 to subtract the result from the S, 0-12 value, and to add it to the Sf 12-400 value. An example of the use of Table 1 is included in Appendix I.
Correction for Inhomogeneous Force Field and Radial Concentration Effects
By taking the average distance from the center of rotation to the S,0 0-12 boundary iii the 30-mm. exposure, and the average distance to the boundary for the Sf 12-400 class (as determined from the 0-, 6-, and 30-mm. exposures), the same correction factors, b1 and b2, can be applied for all analyses as long as the specific conditions established for these analyses (3, 4) are followed. The factor is derived as follows (see Appendix II): Lines AA', BB', CC', DD', EE' same as in Fig. 1 . fg, hi, jk: reference (upper) and sample (lower) lines for 0-time, 6-mm., and 30-mm. frames respectively. Two scales at lower right for convenience in extending pattern of St 0-12 class when its concentration is high (as in example); n is cutoff line for planimetry of this class; area below a is clculated as area of triangle.
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Clinical Chemistry tion (0.1 X concentration) and the S,#{176} 12-400 fraction (0.175 X concentration).
The summation of these 2 figures, entered in column 5, row 3, yields the A. I. (Appendix I). came from a patient with a rare lipoprotein disturbance that gave an Sf#{176} 12-400 concentration iii the ultracentrifuge cell of 4.6 gm./ 100 ml. In such cases it is advisable to use less serum in the preparative 
Discussion

Tracing Film Pattern on Template
The base line of the cell is not clearly visible in all frames, but the line representing the outer reference hole of the rotor is always sharp; therefore it is used as the reference point for locating the cell base for each frame. First, it is necessary to establish the distance from the cell base line to this outer reference hole. Ally of the 5 frames of the film having a sharply delineated cell base line can be used for this purpose. The template (Fig. 4) is aligned so that the cell base line of the selected frame is superimposed precisely on template line AA' (cell base for 0-time frame).
Marks p and p' are drawn at the appropriate points in reference lines PU to indicate the position of the reference hole line for the 0-time frame. Corresponding marks q and q' are then drawn at V\T, and marks r and r' are drawn at WW to mark the reference hole line positions for the 6-and 30-mm. frames respectively. The film patterns for the 0-, 6-, and 30-mm. frames are then traced on the template as follows:
The film image for the 0-time frame is projected and aligned so that the line for the outer reference hole of the rQtor is exactly superimposed on line pp'; the cell base line will 
Determination of BoundaryLimits
Starting with the class S 0-12 lipoproteins (30-mm. frame), an estimate is made by rapid preliminary planimetry of the area enclosed by the tracing between CC' and a line on the S#{176} 12 grid estimated to approximate the concentration (Fig. 4) . If the measured planimeter areas are expressed in cm.2, they can be converted to milligrams of lipoprotein per 100 ml. by an appropriate factor as outlined in Appendix II. It is more convenient, however, to calibrate the planimeter to read in milligrams per 100 ml. In this illustration the area is about 17 cm.2; since 1 cm.2 in our system is equivalent to 53 mg./100 ml., the estimate is about 900 mg./100 ml. The selected line, m, is drawn at that position. (When the pattern extends down beyond the border of the template as in this example, the area may be measured down to line n; the remaining area in the tail of the pattern may be calculated as the area of the triangle.)
The next step is to determine by careful planimetry the pattern area enclosed between m and CC'. The result, converted to milligrams per 100 ml., yields a value of 853 mg./100 ml. The average of the estimated and measured values, 876 mg./100 ml., is taken as the uncorrected value for the true class Sf0 0-12 lipoproteins.
This value is entered in Column 1, Row 1 on the template form and represented by a new line, m', drawn on the template.
Next, planimetry is used to determine the area enclosed by the pattern between EE' and m' (class S, 12-20), the area between PD' and lEE' (class Sf 20-100), and the area to the left of PD' (class S 100-400).
The latter area will not be closed if the concentration of the 5, 100-400 class is very high, and the boundary limit for the S1 400 class must be determined (the concentration figures along the top of the template represent cumulative values). This is done by drawing an estimated line in the 0-time frame and proceeding as for the 5, 0-12 class, if tile total concentration does not agree closely with the concentration based on the estimate, another estimate is made and the process is repeated. The final estimate of tile total low-density hpoproteins is then arrived at by summing the areas of the 5, 0-12, 5, 12-20, S 20-100, and S, 100-400 areas and converting to milligrams per 100 ml. Proceeding as for the S 0-12 class, the average of the estimated and measured concentrations of total low-density lmpoprotein is taken as tile cutoff point for the S 400 class, and its area is calculated.
The sum of the 5, 12-20, 5, 20-100, and S, 100-400 areas is then converted to milligrams per 100 ml. (344 in this example) and entered in Column 1, Row 2.
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